Abstract-Polymer deriving from nature as Chitosan, which is one of the most abundant natural polymers in the world has effectively antibacterial potentiality. However, chitosan is relatively difficult for applications due to its disadvantageous properties.
INTRODUCTION
atural textiles such as those made from cellulose and protein fibers are considered to be vulnerable to microbe attack because of their hydrophilic porous structure and moisture characteristics. Therefore, the use of antibacterial agents to prevent or retard the growth of bacteria becomes a standard finishing for textile goods. On the other hand, there are many antibacterial agents to meet the increasing demand of human as well as considerable concerns about possible effects of antibacterial finishing on environmental and biological systems, toxic chemicals, lack of efficiency and durability. Thus, there is an increasing research effort to develop natural antibacterial coatings that fulfill three basic requirements: safe, durable and environmentally friendly
Chitosan is a ß-(1,4)-linked polysaccharide of D-glucosamine, which is a deacetylated form of chitin, the second most abundant natural polymer in the world. They are obtainable from the shells of crabs, shrimps, and other crustaceans. This polymer is non-toxic, biodegradable and biocompatible natural, has long been used as a biopolymer and natural material in diverse applications. Chitosan is one of the safest and most effective antibacterial agents widely used for cotton and other textile antibacterials [1] . However, as mentioned for other biopolymers, chitosan has relatively poor mechanical properties, mainly involving low flexibility and brittleness, and reduced performance against water [2] .
Chemical modification of chitosan, especially grafting with different polymers is an important topic in the production of bio-based materials with enhanced properties. In this way, chitosan presents two types of reactive sites which can potentially be modified by grafting copolymerization: C-2 free amino groups on deacetylated units and the C-3 and C-6 hydroxyl groups in either acetylated or deacetylated units [2] .
Recently, there have been many kinds of researches related to this modification which applies to different applications: Copolymer PEG and chitosan as efficiently antimicrobial coatings for leather [3] ; Synthesis, characterization and antimicrobial activity of biodegradable conducting polypyrrole-graft-chitosan copolymer [4] , … but grafting of vinyl monomers onto CS is one of the most effective approaches to improve the performances of CS without sacrificing its biodegradable nature [6] : Copolymer Chitosan and Methyl Methacrylate is demonstrated improvement of swelling, temperature glass transition Tg, decomposition temperature compared to Chitosan [5] ; Chitosan-poly(glycidyl methacrylate) copolymer for immobilization to improve the thermal, pH and storage stability of the enzyme [7] ; n-Butyl Acrylate in different proportions was 13 grafted onto two different deacetylation degree (DD%) chitosan to enhance the properties of these bio-based materials [2] ,… but there is no report focus on textiles applications of a copolymer. In this research, n-butyl acrylate was chosen because its homopolymer performs low glass transition temperature Tg and hydrophobic characteristics. These two important properties could be tailored to chitosan to get the desired results in the final product as improving its water resistance and mechanical properties [2] whereas antibacterial activity is maintained.
MATERIALS AND METHODS

Materials
CS (degree of deacetylation of 70%, w = 9155 g/mol [10] ) from Vietnam is filtered after being completely soluble in acetic acid 0.6% (AA) (China); n-butyl acrylate (BA) (China) is purified by distillation; tert-butyl hydroperoxide solution 70% (TBHP) (Aldrich).
Grafting copolymerization
CS solution was placed in a three-necked flask. Nitrogen was purged throughout the reaction time to remove air through stirring solution at room temperature. A freshly prepared TBHP solution (20 mM) was added quickly at 80°C into the flask, which was continued heating up to 90°C and kept in 15 minutes. After that, BA was added dropwise into the reactor system to carry out the reaction for 6h with stirring under nitrogen atmosphere. The obtained latex was dried at 80°C, 1 atm to generate a film and remove remaining monomers. Finally, this film was released with NaOH solution, filtered, washed with distilled water until neutralized and dried after that.
Name of samples: SaXbYc with 2 factors that affect the grafting copolymerization: 
Characterization of copolymer CS-g-PBA
FT-IR spectra of the samples were conducted as KBr pressed discs on Tensor 27 Bruker IR spectrometer.
Particle sizes of latex after the reaction were determined directly by Laser Scattering Particle Size Distribution Analyzer LA-950.
Thermal analyses of the samples were performed with the DSC thermal analysis instrument. The specimens were heated at a heating rate of 10°C.min -1 under the N2 atmosphere from -60°C to 200°C.
The surface morphology of the product was examined by FE-SEM S-4800, Hitachi (Japan).
The antibacterial activity of CS-g-PBA was tested by S. Aureus and cotton in a zone of inhibition experiment with ASTM E2149-01. Cotton and Petri dishes are treated and sterilized by UV light before the test. KH2PO4 is used as buffer stock solution at 0.25 M and working buffer solution at 0.3 mM with this concentration is 1.0 -1.5x10 -4 CFU/ml. Calculate the percent reduction of the organisms resulting from contact with the specimen using the following formula:
Death Rate Constant (mean log10 density) = B -A where: A = CFU per milliliter (or mean log10 density of bacteria) for the flask containing the treated substrate after the specified contact time, and B = "0" contact time CFU per milliliter (or mean log10 density of bacteria) for the flask used to determine "A" before the addition of the treated substrate.
Soxhlet extraction is utilized to assess product via grafting percentage (G%) and reaction efficiency (E%) [2] : weight of the grafted PBA G% weight of CS  x 100 (1) weight of the grafted PBA E% weight of the total polymerized BA  x 100 (2) 3 RESULTS AND DISCUSSION
Preparation of CS-g-BA copolymer
Plausible grafting and particle formation mechanisms are proposed in Fig. 1 . The hydroperoxide (ROOH) initially interacts with amino groups on the polymer backbone, forming redox pairs. One electron is then transferred from nitrogen to ROOH, resulting in the formation of a nitrogen cation radical and an alkoxy radical (RO). The subsequent loss of a proton from the nitrogen generates an amino radical, which is capable of initiating the graft polymerization of BA. The RO produced can either initiate homopolymerization of BA in the polymeric SCIENCE & TECHNOLOGY DEVELOPMENT JOURNAL: SCIENCE OF THE EARTH & ENVIRONMENT, VOL 2, ISSUE 2, 2018 14 micelles or abstract a hydrogen atom from the polymer backbone, thus generating a backbone radical that can initiate BA graft copolymerization. 
Effect of chitosan concentration in acetic acid solution on G% and E%
It was apparent in Fig. 2 that S0.75 and S1 displayed upward trends of G and E% but S0.75 were far higher than S1 whereas S1.5 had a downward trend by the variation of the CS concentration and TBHP content. It can be explained that at high CS concentration, these molecules were shielded and interacted with one another while at the low CS concentration, polymer chains can stretch freely and make it easier to create backbone macroradicals that initiate the grafting copolymerization. Thus, the highest E = 61 % and G = 242 % can only be obtained at 0.75% CS concentration in AA with TBHP/CS = 5 ml/g. 
Effect of TBHP content on G% and E%
As the result above that E% and G% ,are growing with the increase of the ratio of TBHP/CS and have a high point at 5ml TBHP corresponding to 1g CS in 0.75 % CS solution. Because of the upward trend of S0.75, whether or not it continues jumping when going up initiator content and keeping other conditions. Fig. 3 shows that G% and E% reach the highest point at 5ml TBHP and both of them go down significantly then. This means the more initiator is added, the more tert-butoxy and hydroxyl free radicals are produced that subsequently initiate the homopolymerization of BA as well as grafting copolymerization. Even if free radicals are too much, radicals can be destroyed leading to a decrease in the number of radicals in solution and it does generally affect G% and E%. Thus, 5ml TBHP/1g CS is the best content to obtain the highest G = 242 % and E = 61 %. Pablo Anbinder et al [2] used Potassium Persulfate (KPS) as an initiation. Their results showed the highest G = 91.5 %, which is much lower than using TBHP in this paper (242 %). Besides, this research has the highest E = 61 % which is smaller than using KPS, reaching 91.5 %. It can be concluded that the action of TBHP is better than KPS for the copolymerization as well as homopolymerization.
Assessment of the sample S0.75X4Y5 having the highest G% and E%
3.4.1FT-IR spectra
As can be seen from the FT-IR spectra of CS, most of the presented peaks are related to carbohydrate structure. The broad and strong absorption peak at 3422 cm -1 (OH and NH stretching), peak at 2960 -2873 cm -1 (CH stretching), 1637 cm -1 (NH bending) and the area around 1066 -1164 cm -1 is common in spectra due to chitosan backbone.
Comparing the spectra of product S0.75X4Y5 before (b) and after Soxhlet (c), we find that the presence of a peak at 1735 cm -1 and 1164 cm -1 , representing the C=O stretch and C-O-C antisymmetric stretch of PBA. But the obvious difference between the copolymer and the mixture before Soxhlet is the fall of peak areas. It is interpreted that homopolymer PBA is removed. The comparison of CS (a) and copolymer CS-g-PBA (c) indicates the disappearance of peak 1637 cm -1 corresponding to N-H bending in primary amine. This asserts that PBA has been successfully grafted onto the CS molecules. 
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Particle size and morphology
The histogram particle size distribution of latex (Fig. 5 ) divides into two different areas: homopolymer area and copolymer area. As can be seen from the histogram, one peak is at about 0.1 µm which is attributed to the copolymer and the other one belongs to homopolymer at approximately 100µm.
Based on G% and E%, it can be calculated that the weight ratio of copolymer/total weight of S0.75X4Y5 takes up about 70 % and the weight ratio of homopolymer/total weight counts for 30 %: SEM micrographs of latex S0.75X4Y5 (Fig. 6) shows that the sphere shape of particles in latex product. The particle size is approximately under 0.5 µm and relatively uniform that attributes to copolymer particles. These pictures coincide with histogram particle size distribution. 
DSC thermal properties
To analyze the difference between CS-g-PBA before and after Soxhlet, DSC curves are obtained (Fig. 7) . It is well-known that glass transition temperature Tg of PBA is -54°C [9] and the curve (b) determines clearly Tg of CS-g-PBA is -54.77°C when the mixture includes both homopolymer and copolymer. On the other hand, Tg increases to -20.27°C (curve a) that proves the absolute removal of homopolymer PBA and this is Tg of copolymer CS-g-PBA. There is a single endothermic peak at 153.36°C (before Soxhlet), which attributes to absorbed moisture and this peak goes up to 163.57°C with the extracted product. It is due to the interaction between copolymer CS-g-PBA and moisture after extraction is stronger than the mixture with the presence of homopolymer because copolymer is no longer shielded by homopolymer. This makes the temperature to remove moisture is higher than the mixture of two polymers. Fig. 8 and Fig. 9 illustrate the antibacterial activities of original CS (S1.5X0Y0) and modified CS having altered concentrations. As can be seen evidently, all of the samples are against bacteria extremely well (100% reduction). By this, I mean that the grafting copolymerization which has no impact on the antibacterial ability of CS can be used to broaden applications of CS. Fig. 8 . Pictures of the petri dishes with: a) Standard sample (bacterial suspension); b) S1.5X0Y0; c) S0.75X4Y5; d) S1X4Y5; e) S1.5X4Y5. Fig. 9 . Percent reduction for S1.5X0Y0, S0.75X4Y5, S1X4Y5, S1.5X4Y5 respectively.
Antibacterial activity
CONCLUSIONS
In this article, CS-g-PBA copolymers were successfully synthesized by grafting BA onto the backbone of CS and this process was confirmed by IR spectroscopy analysis. From the results obtained, it can be concluded that:  There is no influence on antibacterial activity caused by grafting copolymerization but CS has been improved some drawbacks involving higher flexibility (via declining Tg) and minimizing performance against water.  CS concentration 0.75% in acetic acid is a better element to make it easier to create backbone macroradicals initiating the grafting copolymerization that rises E% and G%.  The high grafting efficiency percentage is obtained at 5ml/g TBHP/CS. However, both of G% and E% decline shapely if the initiator is in excess.
